Technical and Mechanistic Investigation for Electroless Copper Plating on Microwave Ceramic Substrates by 谷新
学校编码：10384                    分类号_______密级 ______ 
学    号：200125057                UDC                      
 
厦  门  大  学 
硕  士  学  位  论  文 
微波陶瓷表面化学镀铜工艺及机理研究 
Technical and Mechanistic Investigation for Electroless 
Copper Plating on Microwave Ceramic Substrates 
谷  新 
指导教师姓名： 林 昌 健  教 授
专 业 名 称： 物 理 化 学
论文提交日期： 2 0 0 4 年 6 月
论文答辩日期： 2 0 0 4 年 6 月
学位授予日期： 2 0 0 4 年   月
 
 
答辩委员会主席：         




























































































3.4.1 镀层形貌的 SEM照片····································································48 
3.4.2 镀层晶体结构的 XRD 谱图····························································49 
3.5 添加剂对化学镀铜影响的研究···························································50 
3.5.1添加剂2,2′-联吡啶对镀层形貌的影响··········································50 
3.5.2添加剂 V2O5或 NH4VO3对化学镀铜速度和镀层形貌的影响················51 
3.5.3 添加剂 CeCl3对化学镀铜速度、镀液稳定性和镀层形貌的影响·····53 
























4.2.1 引 言···································································································65 
4.2.2 钯活化的铜表面和化学镀铜过程混合电位的测定 · · · · · · · · ·66 
4.2.3 新生铜表面化学镀铜过程混合电位的测定·····································68 
4.2.4 基体活化工艺对混合电位-时间曲线的影响·································72 



















Table of Contents 
Abstract in Chinese············································································Ⅰ 
Abstract in English·············································································Ⅲ 
 
Ⅰ Introduction···················································································1 
1.1 General············································· ····················································1 
1.2 Fundamental of electroless copper plating········································2 
1.2.1 Thermodynamics of electroless copper plating··········································2 
1.2.2 Kinetics of electroless copper plating························································3 
1.2.3 Mechanism of electroless copper plating·················································4 
1.2.4 Electrochemical study of electroless copper solution································7 
1.3 Electroless copper plating on ceramics···········································9 
1.3.1 General of microwave ceramics·································································9 
1.3.2 Pretreatment of elctroless copper on ceramics·······································10 
1.3.3 Solution of electroless copper plating····················································18 








2.2 Methods of Experiment·······················································31 
2.2.1 Tests of pH value of the solution·······················································31 
2.2.2 Tests of the plating rate····································································31 
2.2.3 Estimates of the stability of the elctroless copper solution···············32 
2.2.4 Characterization of the resistivity of copper coatings·······················32 















2.2.6 XRD characterizations of·coatings crystal structure·······························34 
2.2.7 Tests of of the bond stress·······························································34 
2.2.8 Electrochemistry tests of the electroless copper solution·····················35 
References·······························································································36 
 
Ⅲ Investigation of Electroless Copper Plating Techniques ·········38 
3.1 Introduction·················································································38 
3.2 Study of Electroless Copper Plating on microwave ceramics······39 
3.2.1 Effect of temperature on the plating rate and stability·of electroless 
copper solution··················································································39 
3.2.2 Effect of pH value on the plating rate and stability of electroless copper 
solution···································································································41 
3.2.3 Effect of the concentration of HCHO on the plating rate and stability of 
electroless copper solution······································································42 
3.2.4 Effect of the concentration of 2,2′-dipyridine on the plating rate and 
stability of electroless copper solution····················································43 
3.2.5 Effect of the concentration of TEA on the plating rate and stability of 
electroless copper solution······································································44 
3.2.6 Effect of the value of [Cu2+]/[EDTA] on the plating rate and stability of 
electroless copper solution······································································45 
3.3 Tests of of bonding stress and resistivity of the electroless copper 
coatings·····························································································46 
3.3.1 Effect of the time of chemical roughen on the the bond stress··············46 
3.3.2 Results of the resistivity of the electroless copper coatings··················47 
 
3.4 morphologies and crystal structure of the electroless copper 
coatings····························································································48 
3.4.1 SEM photos of the coatings····························································48 
3.4.2 XRD patterns of the electroless copper··············································49 
3.5 Effects of additives on the electroless copper plating····················50 
3.5.1 Effect of 2,2 ′ -dipyridine on the surface morphologiesof the 
coatings·································································································50 















morphologies of the coatings································································51 
3.5.3 Effects of the of CeCl3 on the plating rate，stability of the solution and  




Ⅳ Electrochemical study of the mechanism of electroless copper 
plating·····························································································59 
4.1 Electrochemical study of the effects of the chelating agents or 
additives···············································································59 
4.1.1 Introduction····························································································59 
4.1.2 Effect of the concentration of 2,2′-dipyridine·····································60 
4.1.3 Effect of the concentration of Na2EDTA···············································61 
4.1.4 Effect of the concentration of TEA························································63 
4.2 In situ investigation on the Behaviors of Mixed Potential in   
Electroless copper plating·······························································65 
4.2.1 Introduction····························································································65 
4.2.2 Mixed potential-time curve of·electroless copper plating on Pd-activated 
copper substrates or on Pd-activated ceramic substrates.·····················66 
4.2.3 Mixed potential-time curve of electroless copper plating on fresh 
coppersubstrates····················································································68 
























































摘  要 
 II
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Electroless copper plating is a wide-used technique involving the deposition of 
metal from solution onto the surfaces without external electric voltage. And it can 
form a homogeneous metallic coatings on insulators or conductors. In the past 
more than fifty years, electroless copper technology has been studied and 
improved rapidly, and widely applied in many fields. Meanwhile, the plating 
solution composition is a key factor, and the solution stability and the plating rates 
are still a pair of contradictions in the technique. Based on the review of most 
literature in this field, and taking into account of the needs and the characteristics 
of microwave ceramic devices, we have focused the investigation of technique 
and mechanism for the electroless copper plating on ceramic substrates. The 
major results are outlined as follows: 
1. The pretreatment processes for electroless plating of non-metallic materials, 
especially the chemical roughening and activating processes were reviewed The 
technical characteristics of several activating processes were discussed, and the 
aim of the developing of pretreatment process was forecasted. 
2. Based on the numerous experiments, we have successfully optimized a 
technique of electroless copper plating on ceramic substrate, which possesses 
faster plating rate and good solution stability. The plating aqueous solutions 
consisted of CuSO4•5H2O (15g/L), Na2EDTA•2H2O(28g/L), Thriethanol-amine 
(15ml/L), 2,2 ′ -dipyridine(10ppm), HCHO(20ml/L) and surfactants. The 
operating condition was also optimized. The coatings deposited were uniform, 
bright and lower resistivity as well as strong bonding stress by this optimized 
technique. 
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effect on the plating rate and the surface morphology of the coatings. Lower 
concentration of 2,2′-dipyridine, Ce3+ or NH4VO3 can increase the plating rate, 
while higher concentration of them will slow the plating rate. But V2O5 will 
decrease the plating rate. With the increasing of the Ce3+, the solution will become 
unstable. And all of them can reduce the grain size and improve the surface 
morphology of the coatings deposited in a specific range of the concentration. 
3. Linear sweep voltammetry was applied to analyse the polarization behavior 
for the copper deposition in various plating solutions. The addition of 2,2′
-dipyridine increases the peak current of formaldehyde oxidation and is beneficial 
to formaldehyde oxidation in a specific range of concentration, while TEA 
decreases the peak current of formaldehyde oxidation. Two cathodic peaks due to 
copper（Ⅱ）reduction of TEA chelating and copper（Ⅱ）reduction of EDTA 
chelating were discovered. The EDTA increases the reduction peak current of 
Cu-EDTA and decreases that of Cu-TEA, While TEA increases the reduction peak 
current of Cu-TEA, and it decreases that of Cu-EDTA. 2,2′-dipyridine also 
decreases the reduction peak current of Cu-TEA and Cu-EDTA. The experiment 
results are consistent with the weight gain measurement. 
4. The mixed potential as a function of time was measured during the 
electroless copper plating on ceramic and copper substrates, and the induction 
process was discovered successfully. The effects of the chelating agents, additives 
and pH value on the mixed potential-time curves were investigated. The results 
indicate that the mixed potential-time curves shift in negative direction and the 
induction time becomes longer with the increasing concentration of the chelating 
agents or the additives in the solution. Higher pH values in the solution can 















activation process can influence the induction time, higher activation temperature 
decreases the induction time greatly and increase the plating rate at the same time. 
It takes much longer induction time for plating copper on a fresh-copper-activated 
copper substrate than that on the Pd-activated copper substrate. On the basis of the 
results, we furthermore explained the reason why the non-noble-metal activation 
process is inferior to the noble-metal activation process in the electroless copper 
plating. 
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